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Given that a previously fixed mutation in a population changes the phenotypic tend to zero.
184
We studied the rate of molecular evolution as the ratio between the substitution and 185 mutation rate ( / k u ), which is usually measured by the ratio between synonymous and 
RESULTS

238
In Figure 2 we show a trial of the substitution process used for simulations with 239 random environmental variability (the VR). After a shift of the optimum, the population suffers a burst of adaptive substitutions (Fig. 2C ) until it achieves a balanced 241 steady-state (Fig. 2B ). In the balanced steady-state, the population remains dynamically 242 around a sub-optimum equilibrium fitness that is lower for smaller population sizes 
262
With no environmental variability (the SR), we found a negative relationship 263 between total, and effectively neutral, evolutionary rate and population size (Fig. 5 ).
264
The decrease is greater for larger mutation sizes ( rate and population size is more complex (Fig. 6 ). For small population sizes, the total 271 evolutionary rate decreases with increase of population size except when mutation size 272 is very small and the number of dimensions is large (Fig. 6D ). The decrease in total 273 substitution rate reaches a plateau with smaller population sizes when mutation size is 274 greater (Fig. 6A,B ). The value of this plateau, in which the total substitution rate 275 remains equal for different population sizes, is larger for lower mutation sizes and 276 higher number of dimensions. The strictly advantageous substitution rate increases with 277 population size, and the increase is stronger for smaller mutation size. However, the 278 critical population size where the strictly advantageous rate exceeds the effectively 279 neutral rate is larger for smaller mutation sizes (Fig. 6A,B) . substitutions. There are two major differences: i) the mutation assumptions of the SR 369 involve a higher fraction of advantageous (mainly compensatory) mutations than the 370 slightly deleterious mutation models; and ii) the predictions of the SR imply a much 371 greater fraction of advantageous substitutions than the slightly deleterious mutation 372 models, thus the SR predicts 50% advantageous substitutions (Fig. 1D, Fig. 3 right   373 column, see also Gillespie 1995, Sella and Hirsh 2005).
374
Furthermore, the SR can relate the evolutionary rate to the average size of 375 phenotypic effects of mutations (mutation size). In the SR the total evolutionary rate is 376 determined mainly by the effectively neutral mutations, and is greater for smaller 377 mutation sizes (Fig. 5) , which is consistent with the decrease of the mean selection 378 coefficients of larger mutations (Fig. 4A) . However, when the rate of strictly 379 advantageous and strictly deleterious substitutions are described separately, we found a 380 complex relationship with population size for different ranges of mutation sizes: a 381 decrease with population size for larger mutation sizes (Fig. 5A,B) , a maximum for 382 intermediate sizes (Fig. 5C) , and an increase with population size for smaller mutation 383 sizes (Fig. 5D ). This trend to increase the rate of strictly advantageous substitutions
384
(with the corresponding balance by deleterious substitutions) with population size when 385 mutation size is low may be explained as follows. As mentioned before, the decrease of 386 the evolutionary rate with population size is the commonly expected behavior under the 387 nearly neutral framework, because larger population sizes imply strong selection against 388 deleterious mutations, decreasing the substitution rate of deleterious mutations and thus 389 also decreasing the rate of advantageous compensatory mutations. Although we found this pattern for the total molecular rate, we found that for lower mutation sizes the rate 391 of strictly advantageous substitutions increases with population size (Fig. 5D , lower 392 curve), which is not typically predicted by nearly neutral models. This occurs because 393 for small mutation sizes, the SR implies that a high proportion of nearly neutral 394 mutations (50%) are advantageous (Fig. 3C) . In this situation, the distribution of 395 selection coefficients of mutations is symmetrical (Fig. 3C ) and thus the increase of 396 population size has the effect of increasing the strength of selection equally for 397 advantageous and deleterious mutations. Therefore, given that the probability of 398 fixation is higher for advantageous than deleterious mutations, the effect of the 399 increment in the strength of selection when the distribution of mutations is symmetrical 400 is the increase of the rate of strictly advantageous mutations (with the respective balance 401 of strictly deleterious ones) (Fig. 5D ).
402
As mentioned before, contrary to previous studies of the FGM that have been 
430
The higher evolutionary rate in the VR compared to the SR is evidently due to an 431 increase of strictly advantageous substitution rate (Fig. 6 , lower continuous lines).
432
Interestingly, this increase is greater for smaller mutation sizes, attaining values 433 / 1 k u  (Fig. 6D) . Paradoxically, this does not imply that for smaller mutation sizes 434 the evolutionary process becomes more influenced by natural selection. In fact, the rate 435 of strictly advantageous substitutions exceeded the effectively neutral rate with larger 436 mutation sizes even for low population size (Fig. 6A,B) , but this did not occur with 437 smaller mutation sizes (Fig. 6D) . The increase of the strictly advantageous substitution (Fig. 6A,B) . For greater organism complexity, the evolutionary rate Table 2 and Table 3 ).
460
As expected, the increase of environmental amplitude has an effect on the 461 evolutionary rate equivalent to the increase of environmental variability in increasing effects ( r ), the distribution of fitness effects (selection coefficients, s ) is leptokurtic. In fact, when the average mutational size ( r ) is large enough (Fig. 3A) , the distribution of crucial to estimate the probability of extinction of populations and it is frequently fixed arbitrarily in the models due to the lack of other theoretical or empirical criteria to 515 determine it (Whitlock 2000 , Whitlock et al. 2003 .
516
Other parameters are also linked in the SR. The ratio between advantageous and 517 deleterious mutations is locked, i.e., it cannot take arbitrarily independent values. It 518 yields a maximum value of 1 when mutation size tends to zero (Fig. 3C, according to   519 Fisher 1930). When mutation size is small, the limiting factor for the selection 520 coefficient of deleterious and advantageous mutations is the size of mutations (Fig. 3C ),
521
and a large proportion (50%) of nearly neutral mutations are advantageous. 
